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creativecommons.org/licenses/by-nc-Abstract Nontuberculous mycobacteria tenosynovitis is a rare clinical condition that
commonly affects the hand and wrist. It is also a condition that is difficult to diagnose through
clinical and roentgenological methods. In this study, a case of nontuberculous mycobacterial
tenosynovitis infected by Mycobacterium marinum, which can be easily misdiagnosed, was re-
ported and its imaging findings discussed.
ª 2015, Chinese Taipei Society of Ultrasound in Medicine. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Nontuberculous mycobacteria (NTM) are omnipresent or-
ganisms that are frequently found in the environment such
as soil, water, and animal reservoirs [1,2]. In most cases,
NTM infections seldom occur in immune-competenthave no conflicts of interest
en Chiou, Department of
ospital, 201 Shih-Pai Road,
(H.-J. Chiou).
.10.001
iety of Ultrasound in Medicine. Th
nd/4.0/).individuals, and the lungs are most commonly affected in
90% of NTM cases. In fact, there are only a few rare case
reports on NTM infections of the musculoskeletal system
[1,3]. The most common NTM infection of the musculo-
skeletal system is at the hand and wrist.
Due to the rareness and the difficulty in diagnosing NTM
tenosynovitis using clinical and roentgenological methods,
NTM tenosynovitis is easily misdiagnosed and, therefore,
delayed in treatment. In order to establish a diagnosis of
NTM tenosynovitis in the advanced stage or even in the
early stage, the recognition of the radiological features of
NTM tenosynovitis is crucial. In this report, a case of NTM
tenosynovitis of the hand and wrist is reported. The clinical
and radiological features of this case are discussed andis is an open access article under the CC BY-NC-ND license (http://
200 L.-D. Jiang et al.literature is reviewed to provide a better knowledge of the
disease and reference for future diagnosis.Case report
A 59-year-old man with a history of left carpal tunnel syn-
drome underwent median nerve release in another hospi-
tal. One year later, the patient came to our hospital with a
slow growing protruding mass at his left wrist, noted for 3
months. The patient had no trauma history except his
previous operation. Physical examination revealed no
tenderness over the immovable mass at the volar side of
the left wrist. There was no sign of left thenar muscle at-
rophy or Tinel’s sign of the left median nerve. Conventional
radiographs of the hand revealed soft tissue swelling at the
volar side of the left wrist without other significant find-
ings. Under the impression of ganglion cyst of giant cell
tumor of tendon sheath, the patient was sent for a mag-
netic resonance imaging (MRI) scan for further evaluation
and preoperative planning.
The MRI was obtained using a GE Discovery MR750 3.0T
(GE Medical systems, Milwaukee, WI, USA) with a protocol
consisting of axial T1 weight image, axial and sagittal T2
weight image with fat saturation, and axial and coronal T1
weight image with fat saturation after gadolinium admin-
istration. The image study revealed a 3.8 cm  1.9 cmFigure 1 (A) Magnetic resonance image of the left wrist with tran
lesion (arrowhead) encased the tendons (arrows); (B) transverse con
the enhanced capsule; (C) transverse T2-weighted image with fat sa
(arrowheads) within the mass; and (D) sagittal T2-weighted image w
mass lesion. The flexor tendons, bony structures, and muscles aremass-like lesion with a low signal intensity on T1WI and
slightly high signal intensity on T2WI. There was no obvious
increase of gadolinium enhancement in the distended left
carpal tunnel and the tendon sheaths surrounding the flexor
tendons (Figure 1).
The patient underwent tenolysis and neurolysis. During
the operation, severe chronic tenosynovitis with rice-body
formation and synovial thickening with median nerve
adhesion and compression were found. The pathohistology
of the mass lesion demonstrated chronic synovitis with
granuloma (Figure 2). There were no positive findings from
acid fast stain, periodic acid-Schiff stain, Gomori’s methe-
namine silver satin, or mycobacterial culture, and there was
no malignancy identified. In addition, the patient’s chest
plain films taken during the first visit were all unremarkable.
Despite no conclusive diagnosis being made after path-
ohistology and mycobacterial studies, long-term empiric
antibiotics with clarithromycin was given for 6 months
under the clinical impression of NTM tenosynovitis.
Unfortunately, a recurrent mass at his left wrist was
noted 10 months later with progressive enlargement for 2
months. A relapse of chronic tenosynovitis was considered.
Sonography was performed with a Siemens S3000 system
(Siemens, Mountain View, CA, USA) with 14L5 and 9L4 linear
probes and this showed thickening of the tendon sheath
with fluid accumulation and a large amount of rice-body
like material in the tendon sheath (Figure 3). There was nosverse T1-weighted image showing that the low signal intensity
trast-enhanced T1-weighted image with fat saturation showing
turation showing rice bodies with intermediate signal intensity
ith fat saturation showing rice bodies (arrowheads) within the
relatively spared.
Figure 2 The pathology of the tissue harvested using sono-
guide core biopsy shows synovial tissue with chronic inflam-
matory cell and multinucleate giant cell infiltration. Many
fibrinous clot and rice bodies (arrows) are also noted. However,
no definite mycobacteria can be identified after acid fast stain.
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to be softer than the tendon itself using elastography. So-
nography guided core biopsy and fluid aspiration were
performed before the operation and revealed thickening of
the tendon sheath at the palmar side of the left wrist.
Tenosynovectomy of the left wrist flexor tendons was
performed and revealed tenosynovitis with many rice
bodies and adhesion of the median nerve. Pathohistology
showed chronic synovitis with granulomas. The acid fast
stain, periodic acid-Schiff stain, Gomori’s methenamine
silver satin, and mycobacterial culture remained negative.
However, polymer chain reaction (PCR) identification ofFigure 3 Sonography of the palmar side of the left wrist shows: (A
structures (arrows). This nodule-like structure may be due to chr
Doppler ultrasound sagittal section shows no significant increase in
Doppler ultrasound shows hyperemic change in the soft tissue surr
structures were softer than the tendon; and (E) grayscale recon
bodies surrounding the tendon.Mycobacterium marinum was found in the core biopsy via
sonography guided procedure.
After the last operation, the patient’s symptoms were
significantly improved and he is currently under a stable
condition without definite recurrent infection.
Discussion
Only 5e10% of patients with an atypical mycobacteria
infection have musculoskeletal involvement. Concurrent
atypical mycobacterial infection in pulmonary sites or in
separate sites in the bursa or tendon sheath is extremely
rare in immunocompetent individuals, but sometimes can
be seen in immunocompromised patients [4]. NTM teno-
synovitis mostly affects the hand and wrist. However, the
clinical identification of mycobacteria in cases with NTM
tenosynovitis has always been difficult. For most NTM
tenosynovitis, Mycobacteria marinum and Mycobacteria
kansasii are the most common causes. Other organism such
as Mycobacteria avium complex, Mycobacteria szulgai,
Mycobacteria terrae, Mycobacteria fortuitum, Mycobac-
teria chelonae, Mycobacteria abscessus, Mycobacteria
malmoense, and Mycobacteria xenopi can also cause NTM
tenosynovitis, but less frequently [3,5]. These infections
are related to previous trauma, surgical procedures, corti-
costeroid injection, and hematogenous spread from the
primary focus in the lungs or even through the gastroin-
testinal tract. Patients with underlying diseases that cause
various degrees of immunosuppression may be prone to
NTM tenosynovitis.
M. marinum is the most common NTM that causes NTM
tenosynovitis [6]. M. marinum is mainly found in) thickening of tendon sheath of flexor tendons with nodule-like
onic granulomatous change or rice-body formation; (B) Color
color flow of the tendon sheath; (C) transverse section Color
ounding the mass; (D) elastography reveals that the rice-body
struction view of the forearm shows a large amount of rice
Table 1 Imaging characteristics for differential diagnosis.
NTM tenosynovitis,
tuberculous
tenosynovitis
(1) Solitary site of involvement
(2) Distal forearm flexor
tendon involvement
(3) Rice bodies in tendon
sheath & sometimes in bursas
(4) Intact underlying
muscle & bone
(5) Spared joint capsule
Rheumatoid arthritis (1) Multiple sites of involvement
(2) Involvement of hand, wrist,
feet, shoulder, hip, knee,
& spine
(3) Rice bodies in bursas
(4) Bone involvement
(5) Joint involvement
Osteoarthritis,
systemic lupus
erythematous,
seronegative arthritis
(1) Multiple sites of involvement
(2) Lower incidence of
rice-bodies formation
(3) Joint involvement
NTM Z nontuberculous mycobacteria.
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cleaners are at greater risk, and M. marinum tenosynovitis
is also called fish tank granuloma or swimming pool granu-
loma [7]. M. marinum infection in immune-competent
human is usually localized to the extremities, especially
at the hand and wrist. The infection usually takes place
when contaminated water comes in contact with a skin
abrasion or punctured wound. Therefore, in our case, the
NTM tenosynovitis possibly took place before the first pro-
cedure for carpal tunnel syndrome in the other hospital and
caused the symptoms of carpal tunnel syndrome.
Clinical diagnosis
The main clinical feature of NTM tenosynovitis is the
gradual and insidious onset of enlargement of the tendon
and synovium with persistent slow progression. The un-
derlying muscles and bony structures are rarely involved,
and the joint spaces are usually preserved.
The most reliable way to confirm the diagnosis of NTM
tenosynovitis is open biopsy of the synovium [8]. However,
only about 30% of the patients can be identified through
positive acid-fast stains. Besides, while other mycobacteria
grow in culture medium at 37C, M. marinum requires a
cooler incubation temperature [6]. This increases the pos-
sibility of a pseudo-negative result in detecting M. marinum
related NTM tenosynovitis from traditional mycobacterial
culture. Therefore, repeated negative acid-fast stain and
culture results may be the main obstacle for the diagnosis
of NTM tenosynovitis, such as in the case presented here.
Histological identification of a granuloma is important
for establishing a presumptive diagnosis; however, it is not
conclusive. Various degrees of acute and chronic inflam-
mation without granuloma may be seen in the early stage of
the disease [9]. In addition, identification of rice bodies is
also crucial for diagnosis. However, the mechanism of rice-
body formation has not yet been completely determined.
Several theories suggest that the formation of rice bodies
may result from microinfarction of the synovium, chronic
bursitis, encasement of synovial shading following inflam-
mation, encasement of fibrin, and alteration in viscosity
and content of synovial fluid [10].
Differential diagnosis
Rice-body formation may be seen in rheumatoid arthritis,
osteoarthritis, systemic lupus erythematous, seronegative
arthritis, as well as infectious diseases such as tuberculosis
and atypical mycobacterial infection [11e13]. The inci-
dence of rice-body formation in osteoarthritis, systemic
lupus erythematous, and seronegative arthritis are much
lower than rheumatoid arthritis. Furthermore, the inci-
dence is less than 50% of cases of tuberculous tenosynovitis
and NTM tenosynovitis [14]. However, in rheumatoid
arthritis, rice bodies are often observed in bursas rather
than tendon sheaths. Tenosynovitis caused by NTM and
tuberculosis are usually found in flexor tendon sheaths with
minimal underlying muscle and bone involvement. Besides,
unlike rheumatoid arthritis, the joint spaces in NTM teno-
synovitis and tuberculous tenosynovitis are mostly spared.
In the case demonstrated here, rice-bodies formationswere mainly found around the flexor tendon sheath with
minimal joint involvement. This characteristic indicated
that its formation is more likely due to tuberculous teno-
synovitis or NTM tenosynovitis than due to rheumatoid
arthritis. The clinical manifestations and radiographic and
histologic features of bone, joint, and soft tissue infections
caused by NTM are usually indistinguishable from those of
tuberculosis. Hence, the mycobacterial culture and PCR
study are crucial to differentiate NTM tenosynovitis from
tuberculous tenosynovitis (Table 1).
Radiological features
Radiological features of NTM tenosynovitisis is character-
ized by prominent tenosynovitis without involvement of the
underlying muscles and bony structures. Preserved joint
spaces without tendon tear were also noted, even in the
long standing phase [15,16]. In sonography, NTM tenosyn-
ovitis is characterized by swelling of the flexor side of the
distal forearm with flexor tendon sheath thickening with
mild increased color flow in color Doppler ultrasound, many
round or oval shaped nodular structures within the tendon
sheath, and no muscle, bone, or joint space involvement.
Synovium thickening with mild enhancement of the tendon
sheath at the flexor side of the distal forearm is charac-
teristic of NTM tenosynovitis in MRI. Sometimes, the teno-
synovitis was found to extend through the carpal tunnel to
the digits [4]. In MRI, the features of rice bodies and
granulomas in flexor tendon sheaths are iso-intense to
muscle on T1WI and slightly hyper-intense on T2WI.
Sometimes, marginal flexor tendon thickening may be seen
in these patients.
In the case presented in this report, thickening of
synovium with prominent granulomas and rice bodies were
noted without muscle, bone, or joint capsule involvement,
which resembled NTM tenosynovitis. Nevertheless, the
clinical and roentgenological presentation could not reach
a conclusive diagnosis. Fortunately, although all the acid-
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determined with PCR study.
Conclusion
The diagnosis of NTM tenosynovitis is difficult through
clinical and microbiological methods. Persistent inflamma-
tory changes in the infected soft tissue with slow progres-
sion is the most common clinical course of untreated NTM
tenosynovitis. Therefore, the diagnosis of NTM tenosyno-
vitis is crucial for its early proper treatment such as teno-
synovectomy and proper antibiotics administration.
However, conclusive diagnosis from acid-fast stain, culture,
or PCR study has never been easy. Although the radiological
features are mainly the reflexion of the histiological find-
ings which are not conclusive, the response of anti-
mycobacterial medication based on the presumed diagnosis
can further develop the confidence of the diagnosis. Iden-
tification of rice bodies within the tendon sheath with
intact underlying muscle, bone, and nearby joint with so-
nography or MRI should alert the possibility of tuberculosis
or NTM tendonsynovitis.
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